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(57) Abstract 

A method and an apparatus for determining the content of a 
constituent of blood of an individual are disclosed. In the method a 
whole blood stream is extracted from a blood vessel of said individual, 
the stream being directed through a path denning a substantially non- 
varying flow- through area wherein is provided a flow-through measuring 
cuvette including opposite first and second optical transparent surface 
parts denning an optical transmission path of the order of 0.5 - 2.0 
mm. The whole blood stream flowing through the measuring cuvette 
is irradiated by irradiating the first optical transparent surface part of the 
measuring cuvette with multi-wavelength near infrared light. The near 
infrared absorption spectrum is detected and the content of the constituent 
is quantified on the basis of the detected near infrared absorption data. 
The method is particularly suited for measuring constituents of whole 
blood in an extracorporeal loop, for example in hemodialysis. 
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A method and an apparatus for determining the content 
of a constituent of blood of an individual 

The present invention relates to novel techniques of 
determining the content of a constituent of blood of an 
5 individual and in particular a novel technique of de- 
termining the content of a constituent of blood of a 
hemodialysis patient. 

Individuals suffering from kidney malfunction are 
10 treated by dialysis. By the conventional dialysis meth- 
od, the blood of the patient in question is rinsed by 
means of a dialysis machine as the blood is contacted 
with a liquid known as the dialysate through a perme- 
able membrane causing constituents of the blood to 
15 permeate through the membrane and be absorbed by sub- 
stances of the dialysate. Reference is made to "Ency- 
clopedia of Medical Devices and Instrumentation", vol. 
316 95-1711 (1988) (Reference 4) in which a detailed 
discussion of the dialysis technique is presented. 

20 

In accordance with the conventional dialysis technique, 
the patient has his or her blood rinsed for a predeter- 
mined period of time which period of time is determined 
solely on empirical basis. Prior to the dialysis treat- 

25 ment, a blood sample may be collected from the patient 
which blood sample is analysed and similarly, a blood 
sample may be collected from the patient after the 
dialysis treatment has been finished. Through compari- 
son of the two blood samples, the result of or the 

30 outcome of the dialysis treatment may be evaluated. 

In numerous other situations such as during thorax sur- 
gery, a similar situation exists when blood is circu- 
lated extracorporeally through a heart-lung machine in 
35 order to replace or assist, for a limited time period, 
the heart or lung function. 
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An object of the present invention is to provide a 
novel technique rendering it possible to carry out a 
real-time or a quasi real-time analysis or determina- 
tion of the content of a constituent of blood of an 
5 individual having his or her blood rinsed in a dialysis 
machine. 

A further object of the present invention is to provide 
a novel technique rendering it possible to perform a 
10 real-time or a quasi real-time analysis or determina- 
tion of the content of a constituent of blood of a 
patient when exposed to surgery or similarly having a 
whole blood stream of the order of 50-1,000 ml/min 
extracted from a blood vessel. 



A feature of the present invention relates to the fact 
that the novel technique according to the present in- 
vention renders it possible to perform a multiconsti- 
tuent analysis of blood of an individual in real-time 
20 or quasi real-time and further to compensate for any 
fluctuations of the blood flow of the blood stream. 

A particular advantage of the present invention relates 
to the fact that in accordance with the teachings of 

25 the present invention, the dialysis treatment of a 

patient may be monitored in real-time or quasi real- 
time as a continuous determination or analysis of the 
constituent of blood such as the content of urea or any 
other relevant constituent may be determined in real- 

30 time or quasi real-time. 

The above objects, the above feature and the above 
advantage together with numerous other objects, fea- 
tures and advantages which will be evident from the 
35 below description are in a first aspect of the inven- 
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tion obtained by a method of determining the content of 
a constituent of blood of an individual, comprising: 

extracting a whole blood stream of the order of 50 - 
5 1,000 ml/min from a blood vessel of said individual, 

directing said whole blood stream through a flow path 
defining a substantially non-varying flow-through area 
and comprising a flow- through measuring cuvette const i- 
10 tuting part of said flow path, said flow-through mea- 
suring cuvette including opposite first and second 
optically transparent surface parts defining an optical 
transmission path of the order of 0.5 - 2.0 mm, 

15 irradiating said first optically transparent surface 

part of said flow-through measuring cuvette with multi- 
wavelength near infrared light so as to expose said 
whole blood stream flowing through said flow-through 
measuring cuvette to said multi-wavelength near infra- 

20 red light, 

detecting the near infrared absorption spectrum repre- 
sented by near infrared absorption data of said whole 
blood stream flowing through said flow-through measur- 
25 ing cuvette, and 

quantifying said content of said constituent by inputt- 
ing said near infrared absorption data into a mathemat- 
ical model representing the relation between the near 
30 infrared absorption data and the content of said con- 
stituent . 

The above objects, the above feature and the above 
advantage together with numerous other objects, fea- 
35 tures and advantages are in a second aspect of the 
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invention obtained by a method of determining the con- 
tent of a constituent of blood of an individual, com- 
prising: 

5 extracting a whole blood stream of said individual from 
a blood vessel of said individual, 

directing said whole blood stream through a flow path 
comprising a flow-through measuring cuvette constitut- 
10 ing part of said flow path, said flow- through measuring 
cuvette including at least one, optically transparent 
surface part, 

propelling said whole blood stream through said flow 
15 path by means of a pump causing said whole blood stream 
to flow through said flow path in a pulsed mode, 

monitoring said flow of said whole blood stream through 
said flow-through measuring cuvette of said flow path, 
20 so as to determine periods of substantially constant 
flow of said whole blood stream through said flow- 
through measuring cuvette, 

irradiating said at least one optically transparent 
25 surface part of said flow-through measuring cuvette 

with electromagnetic radiation of a specific spectral 
composition, so as to expose said whole blood stream 
flowing through said flow-through measuring cuvette to 
said electromagnetic radiation, 



detecting the electromagnetic radiation absorption 
spectrum, represented by electromagnetic radiation 
absorption data, of said whole blood stream flowing 
through said flow-through measuring cuvette at said 
35 periods of substantially constant flow of said whole 
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blood stream flowing through said flow- through measur- 
ing cuvette , and 

quantifying said content of said constituent by in- 
5 putting said electromagnetic radiation absorption data 
into a mathematical model representing the relation 
between electromagnetic radiation absorption data and 
the content of said constituent. 

10 The above objects, the above feature and the above 
advantage together with numerous other objects, fea- 
tures and advantages which will be evident from the 
below description are in a third aspect of the inven- 
tion obtained by an apparatus for determining the con- 

15 tent of a constituent of blood of an individual, com- 
prising: 

means for extracting a whole blood stream from a blood 
vessel of said individual, 

20 

a flow path defining a substantially non-varying flow- 
through area, 

means for directing said whole blood stream through 

/- 

25 said flow path, 

a flow-through measuring cuvette constituting a part of 
said flow path, said flow- through measuring cuvette in- 
cluding opposite first and second optically transparent 
30 surface parts defining an optical transmission path of 
the order of 0.5 - 2.0 mm, 

means for generating and irradiating said first opti- 
cally transparent surface part of said flow-through 
35 measuring cuvette with multi-wavelength near infrared 
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light so as to expose said whole blood stream flowing 
through said flow-through measuring cuvette to said 
multi-wavelength near infrared light, 

5 detector means for detecting the near infrared absorp- 
tion spectrum of said whole blood stream flowing 
through said flow-through measuring cuvette represented 
by near infrared absorption data, and 

10 quantifying means for quantifying said content of said 
constituent by inputting said near infrared absorption 
data into a mathematical model representing the rela- 
tion between near infrared absorption data and the 
content of said constituent. 

15 

The above objects, the above feature and the above 
advantage together with numerous other objects, fea- 
tures and advantages are in a fourth aspect of the 
invention obtained by an apparatus for determining the 
20 content of a constituent of blood of an individual, 
comprising: 

means for extracting a whole blood stream of said indi- 
vidual from a blood vessel of said individual, 

25 

a flow path, 

means for directing said whole blood stream through 
said flow path, 

30 

a flow-through measuring cuvette constituting part of 
said flow path, said flow- through measuring cuvette in- 
cluding at least one optically transparent surface 
part, 
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means for directing said whole blood stream through 
said flow path, 

means for propelling said whole blood stream through 
5 said flow path, causing said flow-path to flow through 
said flow path in a pulsed mode, 

monitor means for monitoring said flow of said whole 
blood stream through said flow- through measuring cu- 
10 vette of said flow path, so as to determine periods of 
substantially constant flow of said whole blood stream 
flowing through said flow-through measuring cuvette, 

means for generating and irradiating said at least one 
15 optically transparent surface part of said flow-through 
measuring cuvette with electromagnetic radiation of a 
specific spectral composition, so as to expose said 
whole blood stream flowing through said flow-through 
measuring cuvette to said electromagnetic radiation of 
20 said specific spectral composition, 

detector means for detecting the electromagnetic radia- 
tion absorption spectrum, represented by electromagnet- 
ic radiation absorption data, of said whole blood 
25 stream flowing through said flow- through measuring 

cuvette at said periods of substantially constant flow 
of said whole blood stream flowing through said flow- 
through measuring cuvette, and 

30 quantifying means for quantifying said content of said 
constituent by inputting said electromagnetic radiation 
absorption data into a mathematical model representing 
the relation between electromagnetic radiation absorp- 
tion data and the content of said constituent. 
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The above objects, the above feature and the above 
advantage together with numerous other objects , fea- 
tures and advantages are in a fifth aspect of the in- 
vention obtained by a method of hemodialysis, compris- 
5 ing: 

extracting a whole blood stream of the order of 50 - 
1,000 ml/min from a blood vessel of an individual, - 

10 directing said whole blood stream through an extracor- 
poreal flow path to a hemodialyser through a flow path 
comprising a flow-through measuring cuvette constitut- 
ing part of said flow path, said flow-through measuring 
cuvette including opposite first and second optically 

15 transparent surface parts defining and optical trans- 
mission path of the order of 0.5 - 2.0 mm, 

irradiating said first optically transparent surface 
part of said flow-through measuring cuvette with multi- 
20 wavelength near infrared light comprising light of the 
wavelength range 700 - 1,800 nm such as 1,400 - 1,600 
nm so as to expose said whole blood stream flowing 
through said flow-through measuring cuvette to said 
multi-wavelength near infrared light, 

25 

detecting the near infrared absorption spectrum of said 
whole blood stream flowing through said flow-through 
measuring cuvette represented by near infrared absorp- 
tion data, 

30 

quantifying the content of urea of said whole blood 
stream by inputting said near infrared absorption data 
into a mathematical model representing the relation be- 
tween near infrared absorption data and the content of 
35 urea. 



WO 95/04266 



PCT/DK94/00297 



According to a sixth aspect of the present invention, a 
flow-through measuring cuvette is provided for use in 
either of the above methods or apparatuses said flow- 
through measuring cuvette defining a substantially 
5 non-varying flow-through area and including opposite, 
optically transparent surface parts defining a substan- 
tially non-varying optical transmission path of the 
order of 0.5 - 2.0 mm. 

10 In accordance with the present invention, it has been 
realized that a whole blood/ real-time determination of 
the content of a constituent of blood of an individual 
such as a patient suffering from kidney malfunction and 
being subjected to dialysis treatment may be carried 

15 out by a multi-wavelength near infrared analysis tech- 
nique performed as a blood stream of the order of 50 - 
1,000 mL/min is directed in its entirety through an 
optical transmission path of the order of 0.5 - 2.0 mm. 

20 For handling the blood flow stream in question, the 
non-varying flow through area is preferably of the 
order of 5-20 mm 2 , such as 12-17 mm 2 , corresponding to 
the flow-through area of conventional dialysis tubing. 

25 It has in accordance with the teachings of the present 
invention been realized that it is of the outmost im- 
portance that the blood of the whole blood stream which 
is analysed for determining the content of the consti- 
tutent in question of the blood of the individual in 

30 question should not be exposed to excessive pressure 
and/or velocity alterations or variations such as ex- 
treme acceleration or deceleration which inevitably 
result in deterioration or destruction of the blood of 
the individual in question. 
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The detection of the near infrared or alternatively the 
electromagnetic absorption spectrum which constitutes a 
basis for the quantifying of the content of the con- 
stituent in question may be based on transmission or 
5 reflection detection techniques in accordance with well 
known optical detection principles per se. 

In a preferred embodiment of the invention the mathe- 
matical model allows for determination of several con- 
10 stituents at a time. The relevant constituents are 
selected from the group of urea, glucose, lactate, 
total protein, lipids, osmolality and hemoglobins. 

According to the presently preferred embodiments of the 
15 second and fourth aspect of the present invention, the 
detection of the electromagnetic radiation absorption 
spectrum is based on a transmission detection of the 
electromagnetic radiation transmitted through the blood 
flow stream flowing through the substantially non-vary- 
20 ing optical transmission path as the flow-through mea- 
suring cuvette comprises opposite first and second 
optically transparent surface parts and defines a sub- 
stantially non-varying optical transmission path, and 
as the detection of the electromagnetic radiation ab- 
25 sorption spectrum is determined by detecting the trans- 
mission of the electromagnetic radiation through the 
whole blood steam flowing through the flow- through 
measuring cuvette through the optical transmission path 
thereof. 



The cuvette which constitutes the above sixth aspect of 
the present invention and which also constitutes an 
element of the methods and apparatuses according to the 
above first, second, third, fourth and fifth aspects of 
35 the present invention preferably constitutes an element 



30 
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fulfilling the above requirements as to low or substan- 
tially low pressure or velocity impact to the blood 
which is guided through the cuvette. Thus, the flow- 
through cuvette according to the present invention 
5 preferably comprises a central section including said 
opposite first and second optically transparent surface 
parts, tubular inlet and outlet sections and first and 
second transition sections, said first and second tran- 
sition sections constituting sections connecting said 

10 inlet and outlet sections, respectively, to said cen- 
tral section and presenting gradually changing section- 
al shapes generating to no substantial extent pressure 
or velocity gradients to said whole blood stream flow- 
ing through said flow-through cuvette so as to elimi- 

15 nate to any substantial extent any blood degradating 
pressure or velocity impact to said blood flow. 

According to the presently preferred embodiments of the 
above aspects of the present invention, the detection 

20 of the absorption spectrum being a near infrared ab- 
sorption spectrum or alternatively another electromag- 
netic absorption spectrum of the whole blood stream 
flowing through the flow-through measuring cuvette 
preferably comprises detecting the spectrum represented 

25 by a first set of spectral data of light transmitted 
through the whole blood stream flowing through the 
flow-through measuring cuvette and irradiated from the 
second optically transparent surface part of the flow- 
through measuring cuvette. 

30 

The detection of the absorption spectrum may be based 
on a previous detection of the spectral composition of 
the radiation irradiated to the flow-through measuring 
cuvette. Alternatively and preferably, the detection of 
35 the absorption spectrum of the whole blood stream flow- 
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ing through the flow-through measuring cuvette prefera- 
bly comprises detecting the spectrum represented by a 
second set of spectral data of the electromagnetic 
radiation irradiated to the first optically transparent 
5 surface part of the flow-through measuring cuvette thus 
rendering it possible to compensate for any variation 
of the radiation caused by for example ageing of the 
radiation source. 

10 The detection of the absorption spectrum preferably 

further comprises generating the absorption data repre- 
senting the absorption spectrum in question from the 
first set of spectral data and from the second set of 
spectral data, thus compensating for any radiation 

15 source changing or ageing effects. The generation of 
the absorption data from the first and second sets of 
spectral data is preferably performed by subtracting 
the first set in logaritmic representation from the 
second set in logaritmic representation, thus providing 

20 the absorption data. 

In accordance with optical detection techniques well 
known in the art, the detection of the absorption spec- 
trum of the whole blood stream flowing through the 

25 flow-through measuring cuvette preferably further com- 
prises detecting the spectrum represented by a third 
set of spectral data of light irradiated from the sec- 
ond optically transparent surface part of the flow- 
through measuring cuvette at periods of time in which 

30 the first optically transparent surface of the flow- 
through measuring cuvette is not irradiated. The third 
set of spectral data, thus, represents a reference 
state, i.e. a state under which no radiation should be 
detected. The third set of spectral data, thus, consti- 

35 tutes a darkness reference data set which further pro- 
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vides zero current compensation of the detector or 
detectors used for detecting the radiation. 

The darkness compensation and zero current compensation 
5 technique preferably further comprises subtracting the 
third set of spectral data from both the first set of 
spectral data and from the second set of spectral data, 
thereby providing corrected first and second sets of 
spectral data from which the absorption data is provid- 
10 ed as previously discussed. 

The detection of the absorption spectra being near 
infrared absorption spectra or alternatively electro- 
magnetic absorption spectra is based on spectrophoto- 

15 metrical measuring technique. The spectrophotometrical 
measuring technique may be performed in accordance with 
numerous spectrophotometric techniques well known in 
the art, such as FT (Fourier transformation) spectro- 
photometric technique, Hadamard transformation spectro- 

20 photometric technique, AOTF (Acoustic Optical Tunable 

Filter) spectrophotometric technique, diode array spec- 
trophotometric technique including reverse optical 
measuring technique, scanning dispersive spectrophoto- 
metric technique or similar spectrophotometric tech- 

25 nique . 

The mathematical model on the basis of which the con- 
tent of the constituent in question is quantified is 
preferably established on the basis of a training set 

30 of samples having relevant known variations in composi- 
tion and thus producing relevant absorption spectra. 
The quantifying of the content of the const itutent in 
question preferably comprises mathematical analysis 
techniques such as multivariate data analysis tech- 

35 nique, e.g. PLS analysis technique (Partial Least 
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Square) , PCR analysis technique (Principal Components 
Regression) , MLR analysis technique (Multiple Linear 
Regression) , artificial neural network analysis tech- 
nique or similar analysis technique. The mathematical 
5 quantifying technique may be performed in accordance 

with the technique described in US patent No. 4,975,581 
to which reference is made and which is hereby incorpo- 
rated in the present specification by reference. 

10 According to the fifth aspect of the present invention, 
the dialysis treatment may be controlled on the basis 
of the determination of the content of urea of the 
whole blood stream as the hemodialysis treatment may be 
continued until the content of urea of the whole blood 

15 stream is decreased below a specific threshold. 

The spectrophotometrical detection technique is prefer- 
ably as will be evident from the below detailed de- 
scription performed in accordance with the teaching 

20 described in US patent No. 4,977,281, to which refer- 
ence is made and which is hereby incorporated in the 
present specification by reference. Relevant and inter- 
esting detection and measuring techniques are disclosed 
in US patent No. 5,105,054, US patent No. 4,745,279, US 

25 patent No. 4,717,548, US patent No. 4,056,368, EP 0 495 
503, EP 0 457 804, EP 0 419 223, EP 0 419 222, EP 0 238 
809, DE 2825134. Reference is made to the above US, EP 
and DE patents and the above US patents are hereby 
further incorporated in the present description by 

30 reference. 

Brief Description of the Drawing 

The invention will now be further described with refer- 
35 ence to the drawings, in which 
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fig. 1 is a schematic view of a whole blood analyzing 
apparatus illustrating the intentional application of 
the whole blood analyzing apparatus in connection with 
monitoring a hemodialytic process, 

5 

fig. 2 is a perspective view of a beam-splitting chop- 
per section of the whole blood analyzing apparatus 
shown in fig. 1, 

10 fig. 3 is a perspective view of a spectrophotometry 

section of the whole blood analyzing apparatus shown in 
fig. 1, 

fig. 4 is a perspective view of a supply pump of a 
15 hemodialysis machine also illustrating a measuring 

cuvette of the whole blood analyzing apparatus shown in 
fig. 1 and further a pulse detector, 

fig. 5 is a perspective and schematic view of a light- 
20 transmitting assembly, 

fig. 6 is a perspective and schematic view of a light- 
reflecting assembly, 

25 fig. 7 is a block diagrammatic view of the electronic 
circuitry of the spectrophotometric section shown in 
fig. 3, 

fig. 8 is a diagrammatic view of an electronic circuit- 
30 ry section of the dual beam chopper section shown in 
fig. 2, 

figs. 9-13 are diagrammatic views of spectra recorded 
by means of the whole blood analyzing apparatus shown 
35 in fig. 1, 
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fig. 14 is a perspective view of the measuring cuvette 
of the whole blood analyzing apparatus shown in fig. 1, 
and 

5 fig. 15 is a flow chart representation of the software 
of the personal computer controlling the over-all oper- 
ation of the whole blood analyzing apparatus shown in 
fig. 1. 

10 In fig. 1, a prototype embodiment of a whole blood ana- 
lyzing apparatus is shown implemented in accordance 
with the teaching of the present invention. The blood 
analyzing apparatus is shown in the upper part of fig. 
1 and comprises a dual beam chopper section 100, shown 

15 in the uppermost part of fig. 1 and shown in greater 

details in fig. 2, a spectrophotometric section, shown 
in the central part of fig. 1 and shown in greater 
details in fig. 3, a computer section comprising a 
personal computer, shown in the central, right-hand 

20 part of fig. 1, for carrying out a data processing of 
data produced by the spectrophotometric section, in 
accordance with the analyzing technique known as par- 
tial least-square methods for spectral analysis, vide 
e.g. references 1, 2 and 3, and a measuring cuvette 24, 

25 shown in the central part of fig. 1 below the spectro- 
photometric section and also shown in greater details 
in fig. 14. The cuvette 24 is interfaced between the 
dual beam chopper section 100 and the spectrophotomet- 
ric section and is interconnected between a hose pump 

30 or peristaltic pump 50 and a dialysis apparatus 10, 

which hose pump 50 supplies blood from a patient to the 
dialysis apparatus 10. The hose pump 50 and the dialy- 
sis apparatus 10 are shown in the lowermost part of 
fig. 1. The dialysis apparatus 10 comprises a conven- 

35 tional dialysis machine 40, which communicates with a 
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blood vessel of a patient or person who needs dialysis 
treatment. The reference numeral 12 designates a fore- 
arm of the patient or person in question. 

5 From the forearm 12 of the patient or person, blood is 
extracted through a cannula 14 and supplied through a 
hose 16 to an arterial pressure monitor 18 and further 
through a hose 20 to the hose pump 50. The hose pump 50 
comprises a housing 52, in which the hose 20 is re- 
10 ceived, defining a hose loop 21 communicating with 
propelling pressure rollers 56 and 58 supported on a 
pressure-roller support body 54 of the hose pump 50. 

The hose 20 and the hose loop 21 further communicates 
15 with a hose 22, establishing connection to the cuvette 
24, through which the blood extracted from the forearm 
12 is guided in a laminar flow of no substantial pres- 
sure or volume flow reduction further to a hose 26, 
through which the blood is input to the dialysis ma- 
20 chine 40 of the dialysis apparatus 10, in which dialy- 
sis machine the blood is rinsed as the blood communi- 
cates with a dialysis fluid through hemodialysis mem- 
branes in accordance with the hemodialysis technique 
well-known in the art per se. 

25 

The dialysis fluid is input to the dialysis machine 40 
through an inlet hose 28 and output from the dialysis 
machine 40 through an outlet hose 30. The blood, which 
has been subjected to hemodialysis treatment in the 
30 dialysis machine 40, is output from the dialysis ma- 
chine 40 through a further hose 32, which supplies the 
partly rinsed blood to an air and foam detector 34, 
serving the purpose of preventing that air bubbles or 
foam are present in the blood, which is returned 
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through a hose 36 and a cannula 38 to a blood vessel at 
the forearm 12 of the patient or person in question. 

The dialysis fluid and the blood input to the hemodial- 
5 ysis machine 40 are guided through the hemodialysis ma- 
chine 40 in counterflow. Within the dialysis machine 
40 , separate compartments are defined, which are desig- 
nated the reference numerals 41, 42, 43, 44 and 45. The 
compartments 41, 43 and 45 constitute compartments in 
10 which the blood is forced in counterflow in relation to 
the dialysis fluid, which is forced through the com- 
partments 42 and 44 from the inlet hose 28 to the out- 
let hose 30. 

15 The cuvette 24, which is shown in greater details in 
fig. 14, constitutes a central or essential component 
of the whole blood analyzing apparatus. The configura- 
tion of the cuvette prevents that the blood is acceler- 
ated, decelerated or subjected to pressure or volumet- 

20 ric gradient , which might cause severe damage to the 

blood cells of the blood. The cuvette is further adapt- 
ed for NIR infrared spectropho tome trie analysis of the 
blood for analyzing the constituents of the blood and 
consequently for monitoring the hemodialysis process, 

25 which is carried out by means of the dialysis machine 

40. By the monitoring and analyzing of the hemodialysis 
operation, a more adequate and efficient hemodialysis 
operation may be carried out, since the hemodialysis 
operation may be carried out for a period of time nec- 

30 essary to reduce the contents of specific blood const i- 
tutents to levels below preset threshold levels. Fur- 
thermore, the continuous monitoring and analyzing tech- 
nique which may be carried out by means of the whole 
blood analyzing apparatus implemented in accordance 

35 with the teaching of the present invention renders it 
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possible to stop the hemodialysis operation as the 
above threshold levels have been reached , contrary to 
the conventional hemodialysis operation, in which the 
hemodialysis operation is carried out for a period of 
5 time which is based on a pure estimate based on a blood 
sample analysis and empirical realizations regarding 
the relations between hemodialysis time periods and 
reductions of the contents of specific blood constitu- 
ents. 

10 

The cuvette 24 is of a structure in which the optical 
path is of the order of 1 mm , rendering it possible to 
carry out a NIR infrared spectrophotometric analysis of 
the blood which is caused to flow through the cuvette 
15 24 without any substantial pressure gradients being 

generated by the presence of the cuvette 24 within the 
blood supply line from the hose pump 50 to the dialysis 
machine 40. 

20 The hose pump 50 is shown in greater details in fig. 4. 
The roller support body 54 of the hose pump 50 is 
caused to rotate, as the roller support body 54 is 
connected to a shaft 53 of a motor 51. As the roller 
support body 54 is caused to rotate in the clockwise 

25 direction in figs. 1 and 2, the blood is caused to be 
forced from the hose 20, which constitutes a blood 
inlet hose, through the hose loop 21 and further 
through the hose 22, which constitutes an outlet tube, 
towards the cuvette 24. 

30 

The position of the roller body 54 and consequently the 
rollers 56 and 58, propelling the blood through the 
hose loop 21, is detected by means of a stem body 59, 
which constitutes an integral, outwardly protruding 
35 part of the roller support body 54, and which engages 
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with two switches 60 and 62 , serving the purpose of 
providing electrical signals representing the position 
of the stem body 59 and consequently the position of 
the roller support body 54. 

5 

The switches 60 and 62 generate pulses, which consti- 
tute pulse trains representing the actual position of 
the rollers 54 and 56 and further the rotational motion 
of the roller support body 54. The switches 60 and 62 

10 are arranged so as to generate pulses as the stem body 
59 engages with the switch in question, said pulses 
representing the position of the roller support body 
54, in which a pressure wave is generated in the blood 
supplied from the hose pump as the rollers 56 and 58 

15 are disengaged from the hose loop 21. 

The pulses generated by the switches 60 and 62 are sup- 
plied through electrical signal lines 61 and 63, re- 
spectively, to a PLL (phase locked loop) synchronizing 
20 circuit block 64, the purpose of which will be evident 
from the below description. 

The dual beam chopper section 100, shown in the upper- 
most part of fig. 1 and further in fig. 2, comprises a 

25 light-generating lamp 102, preferably constituted by a 
halogen bulb generating visible light, i.e. electromag- 
netic radiation within the wavelength interval 400 - 
700 nm, NIR (NIR infrared radiation), i.e. electromag- 
netic radiation within the wavelength interval 700-2500 

30 nm and IR (infrared radiation), i.e. electromagnetic 
radiation within the wavelength interval 2500 - 10000 
nm. The lamp 102 is supplied from a power supply 98. 

The electromagnetic radiation generated by the lamp 102 
35 is focussed in two light beams, a first one of which is 
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generated by means of a mirror 104 and a focussing lens 
108, and a second one of which is generated by means of 
a mirror 106, similar to the mirror 104, a lens no, 
similar to the lens 108 and a mirror 112. The first 
5 light beam is designated the reference numeral 109 and 
is directed from the lens 108 through a filter 114, 
removing electromagnetic radiation from the wavelength 
range 200- 450 nm, and is directed through a further 
focussing lens 118. The second light beam is designated 
10 the reference numeral 113 and is directed through a 

filter 116, similar to the filter 114, and is further 
directed through a further focussing lens 120, similar 
to the focussing lens 118. 

15 The first light beam 109 and the second light beam 113 
focussed by means of the focussing lenses 118 and 120, 
respectively, are chopped by means of a chopper disc 
122. The chopper disc 122 serves the purpose of allow- 
ing transmission of the first and the second light beam 

20 to a respective optical fibre and of interrupting the 
light beams and consequently preventing light from 
being transmitted to the optical fibre in question. For 
generating the light-beam chopper effect, the chopper 
disc 122 is provided with a slit 132, which constitutes 

25 a 90° segment of the chopper disc. The chopper disc 122 
is caused to rotate, driven by a motor assembly 136, 
which is provided with a gear assembly 137, serving the 
purpose of reducing the rotational speed of a motor 
shaft of the motor assembly 136 to a fairly low rota- 

30 tiqnal speed of an output shaft of the gear asssembly 
137, on which output shaft the chopper disc 122 is 
mounted. The chopper disc is caused to rotate at a 
rotational speed of approximately 50-250 rpm in depen- 
dency of the operation of the hose pump. As the chopper 

35 disc 122 rotates, the light beams 109 and 113 are se- 
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quentially transmitted to a first optical fibre 220 and 
a second optical fibre 222 , respectively. For receiving 
the light beams 109 and 113, the optical fibres 220 and 
222 are provided with optical fibre fittings 221 and 
5 223, respectively. 

Apart from the light-transmitting slit 132, the chopper 
122 is provided with a light-reflecting surface area 
134 and two outwardly protruding rim parts 124 and 126, 

10 which are separated by circumferential recesses 128 and 
130. The outwardly protruding rim parts 124 and 126 and 
the circumferential recesses 128 and 130 communicate 
with two detectors 140 and 143, which serve the purpose 
of detecting the presence of outwardly protruding rim 

15 parts 124^ and 126 received within the detector in ques- 
tion. The detectors 140 and 143 are based on the opti-' 
cal principle as will be evident from the below de- 
scription of the detectors 140 and 143, which are shown 
in greater details in fig. 8. The detectors 140 and 143 

20 may be based on different detector principles, such as 
capacitive, inductive or proximity detector principles. 

The light-transmitting surface area 134 communicates 
with a further detector 146, which constitutes a detec- 
25 tor, including a light source and a light detector, and 
which is also in greater details in fig. 8. 

The detectors 140, 143 and 146 serve the overall pur- 
pose of generating pulses representing the actual posi- 

30 tion of the chopper disc 122. The pulses generated by 
the detectors 140, 143 and 146 are input to a detector 
circuit block 150, which also communicates with the PLL 
synchronizing circuit block 64, and controls the rota- 
tion of the motor assembly 136. The detector circuit 

35 block 150 further communicates with the CPU of a per- 
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sonal computer 260, which CPU performs the data pro- 
cessing of the data generated by the spectrophotometry 
section of the whole blood analyzing apparatus and 
performs the overall control of the operation of the 
5 apparatus . 

The light beam 109 transmitted to the optical fibre 
fitting 221 and further through the optical fibre 220 
is emitted from an optical fibre fitting 224 and trans- 

10 mitted through the cuvette 24 and the blood present 
within the cuvette 24. The light transmitted through 
the blood within the cuvette 24 is received by means of 
an optical fibre fitting 226 and is further transmitted 
through an optical fibre 228 to the spectrophotometric 

15 section shown in the central part of fig. 1 below the 
above-described dual beam chopper section 100. 

The light beam 113 transmitted to the optical fibre 
fitting 223 and further through the optical fibre 222 

20 is also transmitted to the spectrophotometric section. 
The optical fibre 222 constitutes a reference light- 
transmitting optical fibre. The optical fibre 222 is of 
the same length as the optical fibres 220 and 228 in 
order to eliminate any influence from differences in 

25 optical fibres giving origin to optical fibre length- 
dependent attenuation. The optical fibres 228 and 222 
have their output ends received within an optical fibre 
connector 229, which is shown in fig. 3, which directs 
the light received from either of the two optical 

30 fibres 228 and 222 to a concave holographic grating 230 
of the spectrophotometric section. The spectrophotomet- 
ric section is preferably constituted by a spectropho- 
tometer as described in US patent no. 4,997,281, to 
which reference made, and which is herewith incorporat- 

35 ed in the present specification by reference. 
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The light beam emitted from the optical fibre connector 
229 and originating from one of the fibres 228 and 222 
is reflected from the mirror 230 and transmitted 
through a beam-splitting mirror 232 and focussed by 
5 means of lenses 234 and 240 on first and second optical 
detectors 236 and 242 , respectively. The first and 
second optical detectors 236 and 242, respectively, are 
sensitive and responsive to electromagnetic radiation 
within the wavelength interval 520-1100 nm and 1030- 
10 1800 nm, respectively, and are constituted by an array 
of silicon photodiodes and array germanium photodiodes, 
respectively. Each of the arrays contains 76 diodes 
together providing a 152 incremental representation of 
the wavelength interval 520-1800 nm. 

15 

The first optical detector 236 is connected to a opti- 
cal detector circuit block 238, including a multiplex- 
ing circuit serving the purpose of sequentially pre- 
senting the output signals generated by the photodiodes 

20 of the array of photodiodes of the optical detector 236 
to an input of an A/D converter 246. similarly, the 
second optical detector 242 is connected to an optical 
detector circuit block 244, including a multiplexing 
circuit, also serving the purpose of sequentially pre- 

25 senting the output signals generated by the photodiodes 
of the array of photodiodes of the optical detector 242 
to an input of the A/D converter 246. 

The A/D converter 246 is through its output connected 
30 to an input of the CPU of the personal computer 260. 
The A/D converter 246 is also supplied with measuring 
signals supplied through multiplexing input circuits 
and representing additional measuring parametres, such 
as the temperature of the spectrophotometric section 
35 block and generated by means of a temperature detector. 
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The components of the spectrophotometry section block 
are supported on a support block 250, which constitutes 
a base plate of a thermally insulating encasing or 
housing, not shown in Fig. 1, which is thermostatically 
5 controlled by means of a thermostatic controller 252 to 
a temperature of 16 °C. The electronic circuitry of the 
spectrophotometry section block is powered from a 
power supply 254. 

10 In fig. 4, the hose pump 52 and the pivot 24 together 
with the optical fibres 220 and 228 connected to the 
cuvette 24 through the optical fibre fittings 224 and 
226, respectively, are shown together with a pulse de- 
tector 86, which is mounted on the hose 26 or alterna- 

15 tively mounted on the hose 22 adjacent the cuvette 24. 
The pulse detector 86 is provided with electrical wires 
82 and 84 for establishing electrically conductive con- 
nection to the PLL synchronizing circuit block 64, 
shown in fig. 1, and for supplying electrical signals 

20 thereto, representing the blood flow through the detec- 
tor and further the variation of the blood flow through 
the hose 26, on which the pulse detector 86 is mounted, 
and consequently through the cuvette 24, caused by the 
pressure fluctuations generated by the hose pump 52, as 

25 discussed above. The pulse detector 86 may be based on 
inductive or capacitive detector principles or alterna- 
tively based on optical detection techniques, as the 
pulse detector 86 may comprise light-generating means 
and light-detecting means monitoring the blood flow 

30 through the pulse detector based on optical transmis- 
sion principles or optical reflection principles or may 
further alternatively constitute a fibre optic connec- 
tor, to which two optical fibres are connected, said 
optical fibres substituting the electrical wires 82 and 

35 84. 
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In fig. 5 an alternative light transmission technique 
is shown, as the cuvette 24 is omitted. The hoses 22 
and 26 constitute an integral hose which is clamped 
between the optical fibre connectors 224 and 226, de- 
5 fining a shallow hose segment 90 of a configuration 

similar to that of the cuvette 24, as the optical fibre 
connectors 224 and 226 are fixated by means of a clamp- 
ing device 225 so as to define a specific spacing be- 
tween the output end of the optical fibre fitting 224 
10 and the input end of the optical fibre fitting 226. 

Fig. 6 illustrates a further, alternative, optical 
detector technique, according to which the light trans- 
mission technique implemented by means of the optical 

15 fibres 222 and 228 is substituted by an optical detec- 
tor implemented in accordance with the optical reflec- 
tion technique. In fig. 6, an optical detector 92 is 
shown, which is mounted on the hose 26 and comprises an 
input optical fibre 94 and an output optical fibre 96, 

20 which optical fibres detect electromagnetic radiation 
radiated from the output end of the optical fibre 94 
and reflected from the blood flown through the optical 
detector 92. The optical detector 92 may constitute a 
component substituting the pulse detector 86, shown in 

25 fig. 4, or alternatively constitute a component replac- 
ing the optical transmission detector comprising the 
optical fibres 222 and 228, the optical fibre connec- 
tors 224 and 226, respectively, and further the cuvette 
24. 

30 

In an alternative embodiment of the optical detector 
92, the optical detector communicates with a cuvette, 
such as the cuvette 24 , shown in figs. 1 and 4 and 
further in fig. 14, or an alternative cuvette structure 
35 adapted to allow the blood to flow through the cuvette 
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without any substantial pressure or volumetric varia- 



In fig. 2, the dual beam chopper section 100 is shown 
5 in greater details further illustrating a supporting 
plate 101, on which an optical housing 103 is mounted. 
The optical housing 103 includes the lamp 102, the 
mirrors 104 and 106 and the lenses 108 and 110. Fig. 2 
further illustrates two filter supports 115 and 117 , 
10 which support the filters 114 and 116, described above. 
Fig. 2 further illustrates the journalling of the chop- 
per disc 122, which is sandwiched between two brackets 

121 and 123 , which also serve the purpose of supporting 
the optical fibre fittings 221 and 223 and further the 

15 gear assembly 137, the output shaft 138 of which is 

connected to the chopper disc 122, as the chopper disc 

122 is mounted on the output shaft 138. In fig. 2, a 
printed circuit board 151 is shown, which constitutes 
the printed circuit board of the detector circuit block 

20 150, shown in fig. 1 and shown in greater details in 
fig. 8. 

In fig. 3, the spectrophotometry section block is 
shown. Apart from the optical fibres 222 and 228 and 

25 the optical fibre connector 229, the concave holograph- 
ic grating 230 and the beam-splitting mirror 232 are 
shown. The reference numeral 251 designates a bracket 
which is rigidly connected to the support plate 250 of 
the spectrophotometer, and the reference numerals 239 

3 0 and 245 designate printed circuit boards containing the 
electronic circuitry of the first and second optical 
detector circuit blocks 238 and 244, respectively, 
shown in fig. 1. The reference numeral 247 designates a 
multicore cable which interconnects the printed circuit 

35 boards 239 and 245 and is further connected to a multi- 



tions. 
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pin socket 248 for receiving a mating multipin plug for 
establishing electrically conductive connection with 



5 Fig. 7 is a block diagram of the electronic circuitry 
of the spectrophotometry section shown in the central 
part of fig. 1, and further shown in fig. 3. In fig. 7, 
the first optical detector 236 is connected to the 
first optical detector circuit block 238, which is 

10 shown in dotted line in the uppermost part of fig. 2 
and which comprises two multichannel preamplifier 
blocks 268 and 270, the inputs of which are connected 
to respective diodes of the diode array of the first 
optical detector 236. The outputs of the multichannel 

15 preamplifier blocks 268 and 270 are connected to. re- 
spective inputs of a muliplexer block 272, the outputs 
of which are connected via an optional programmable 
gain and offset block 274 to the A/D converter block 
246, shown in Fig. 1. The control input of block 274 is 

20 connected to a control output of a digital control 

block 276. A control input of the digital control block 
276 is connected to the CPU 260 of the personal comput- 
er controlling the overall operation of the whole blood 
analyzing apparatus. The A/D converter 246 is also 

25 controlled by the digital control block 276 through a 

separate control input, which is connected to a control 
output of the digital control block 276. 

In the lowermost part of fig. 7, the second optical de- 
30 tector 242 is shown, which is connected to the second 

optical detector block 244. The second optical detector 
block 244 is of a topographical configuration similar 
to that of the first optical detector block 238 and 
comprises two multichannel preamplifier blocks 278 and 
35 280 corresponding to the multichannel preamplifier 



the CPU of the personal computer 260. 
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blocks 268 and 270 described above, which are further 
connected to a multiplexer block 282 similar to the 
multiplexer block 272 of the first optical detector 
circuit block 238. The multiplexer block 282 is via an 
5 optional programmable gain and offset block 284 similar 
to the block 274 connected to the A/D converter block 
246, shown in Fig. l. The optional programmable gain 
and offset block 284 of the second optical detector 
circuit block 244 is controlled by the digital control 
10 block 276 , which is shared by the two optical detector 
circuit blocks 238 and 244. The multiplexer block 282 
is like the multiplexer block 272 controlled by the 
digital control block 276. 

15 The electronic circuitry shown in fig. 7 is further de- 
scribed in US patent no. 4 997 281 f to which reference 
is made, and which is hereby incorporated in the pres- 
ent specification by reference. 

20 Fig. 8 is a block diagram of the detector circuit block 
150, the PLL synchronizing circuit block 64 and further 
the detectors 140, 143 and 146. In the upper left-hand 
part of fig. 8, the detectors 140 and 143 are shown, 
each comprising a light-emitting diode 141 and 144, 

25 respectively, and a phototransistor 142, 145, respec- 
tively. The emitter of the phototransistors 142 and 145 
are connected through series configurations of a light- 
emitting diode 152 and 154, respectively, and a resis- 
tor 156 and 158, respectively, to a positive supply 

30 rail of the detector circuit block 150, and the emit- 
ters of the phototransistors which constitute NPN tran- 
sistors are grounded. The light-emitting diodes 141 and 
144 have their anodes connected through a common series 
resistor 160 to the positive supply rail and have their 

35 cathodes grounded. 
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As one of the photo transistors 142 and 145 receives 
light emitted from the light-emitting diode 141 and 
144 , respectively, the phototransistor in question 
starts conducting and causes the potential of the col- 
5 lector of the phototransistor in question to be lowered 
from the voltage of the positive supply rail, causing a 
shift of a respective detector input pin of a integrat- 
ed circuit control block 168. The resistors 156 and 158 
constitute pull-up resistors, which cause the inputs of 

10 the integrated circuit control block 158 connected to 
the collectors of the phototransistors 162 and 168 to 
be pulled up to the voltage of the positive supply 
rail, to which the resistors 156 and 158 are connected 
through the LEDs 152 and 154, respectively, provided 

15 the phototransistors 142 and 145 are not in their con- 
ductive states. The integrated circuit control block 
168 is provided with addition control inputs, which are 
connected through pull-down resistors 182, 184, 186 and 
188 to ground and further through switches 181, 183, 

20 185 and 187, respectively, to the positive supply rail 
of the detector circuit block 150. The switches 181 and 
183 are provided for inverting the signals output from 
the integrated circuit block 168 to the PLL synchroniz- 
ing circuit block 64 to be described in greater details 

25 below. The switches 185 and 187 are provided for debug- 
ging purposes. 

The detector 146 is, like the detectors 140 and 143, 
provided with a light-emitting diode 147 and a photo- 

30 transistor 148. The anode of the light-emitting diode 
147 is connected to the positive supply rail of the 
detector circuit block 150 through a resistor 162, and 
the junction of the cathode of the light-emitting diode 
147 and the emitter of the phototransistor 148, which 

35 of an NPN configuration, are connected to the ground. 
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The collector of the phototransistor 148 is connected 
through a pull-up resistor 164 to the positive supply 
rail and further connected to the non- inverting input 
of an operational amplifier 170. The inverting input of 
5 the operational amplifier 170 is connected to an offset 
compensation potentiometer 166, which is interconnected 
between the positive supply rail of the detector cir- 
cuit block 150 and the ground. The output of the opera- 
tional amplifier 170 is connected through a potentiome- 

10 ter 172 to the ground, and the wiper of the potentiome- 
ter 172 is connected to the base of an NPN transistor 
180, the emitter of which is grounded, and the collec- 
tor of which is connected to the positive supply rail 
through the series configuration of a light-emitting 

15 diode 174 and a resistor 176. The wiper of the potenti- 
ometer 172 is also connected to a control input pin of 
the integrated circuit control block 168. 

In the lower part of fig. 8, the PLL synchronizing cir- 

20 cuit block 64 is shown, which is connected to the 

switches 60 and 62, mounted on the stem body 54 of the 
hose pump 50, serving the purpose of detecting the 
rotational operation of the roller support body 54 of 
the hose pump 50, as described above. The switches 60 

25 and 62 are switchable between inoperative states, in 

which the switches connect the positive supply rail of 
the overall eletronic circuitry of the whole blood 
analyzing apparatus to control inputs of an integrated 
circuit 66, constituting a flip-flop circuit, and oper- 

30 ative states, in which the switches connect the control 
inputs of the integrated circuit 66 to the ground. The 
output of the integrated circuit 66 is connected to a 
signal input of a PLL synchronizing chip 68, which 
further has its compensation input connected to a con- 

35 trol output of the integrated circuit control block 168 
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of the detector circuit block 150. A SNP output termi- 
nal of the integrated circuit 68 is connected through a 
series configuration of a resistor 70 and a diode 22 to 
the ground. An output terminal of the integrated cir- 
5 cuit 68 is connected to an VCO input of the integrated 
circuit 68 through a resistor 74 and further grounded 
through a capacitor 76. The VCO input of the integrated 
circuit 68 is further connected to a non- inverting 
input of an operational amplifier 78 , which is operated 
10 in a unity-gain non-inverting mode, as the output of 

the operational amplifier 78 is short-circuited to the 
inverting input of the operational amplifier 78. The 
output of the operational amplifier 78 is connected 
through a variable resistor 80 to junction at the non- 
15 inverting input of an operational amplifier 196 k of the 
detector circuit block 150, the non- inverting input of 
which is further connected through variable resistors 
190, 191 and 192 to output control terminals of the 
integrated circuit control block 168 and grounded 
20 through a resistor 193. 

The output of the operational amplifier 196 is connect- 
ed through a resistor 198 to the base of an NPN Dar- 
lington power transistor 208, the collector of which is 

25 connected to the positive supply rail of the detector 

circuit block 150, and the emitter of which is connect- 
ed through a series resistor 206 to a pin of a relay 
contact 215, which in its operative state supplies 
current through the NPN Darlington power transistor 208 

30 and the resistor 206 to the motor 13 6. The collector 

and the emitter of the NPN Darlington power transistor 
208 are short-circuited through a capacitor 210 consti- 
tuting a noise-suppression capacitor. The emitter of 
the NPN Darlington power transistor 208 is further 

35 connected through a resistor 204 to the base of a NPN 
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transistor 200 , the collector of which is connected to 
the base of the NPN Darlington power transistor 208, 
and the emitter of which is connected to the relay 
contact of the relay 215. The transistor 200 consti- 
5 tutes a feedback current-limiting transistor, the emit- 
ter of which is connected through a resistor 202 to the 
inverting input of the operational amplifier 196, the 
inverting input of which is further grounded through a 
resistor 194. 

10 

The relay contact 215 is activated by means of a relay 
coil 214, provided the integrated circuit detector 
block 168 shifts a separate motor output low, which 
output is connected through a resistor 195 to the base 
15 of a NPN relay turn-on resistor 212, the emitter of 

which is grounded, and the collector of which is con- 
nected to one terminal of the relay coil 214, the other 
terminal of which is connected to the positive supply 
rail of the detector circuit block 150. 

20 

The terminals of the relay coil 214 are further short- 
circuited through a noise-suppressing capacitor 216. 
Provided that the relay coil 214 is not energized, the 
relay contact 215 short-circuits the motor 136. A 
25 surge-suppression diode 218 is further provided, short- 
circuiting the terminals of the motor 136. 

Figs. 9, 10, 11, 12 and 13 are diagrams illustrating 
print-outs produced from the measurement of sample f lu- 
30 ids which are analyzed by means of the whole blood 

analyzing apparatus according to the present invention. 

In figs. 9, 10, 11, 12 and 13 the abscissa axis repre- 
sents the pixel number 0-151 corresponding to the near 
35 infrared wavelength interval 520-1800 nm represented by 
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a total of 152 pixels i.e. providing a 152 incremental 
wavelength interval representation of the above 520- 
1800 nm wavelength interval. 

5 In fig- 9, the number of counts generated by a specific 
light detecting element of a specific pixel correspond- 
ing to a specific wavelength interval are represented 
along the ordinate axis. In fig. 9, three curves A, B 
and C are shown representing a sample signal, a refer- 
10 ence signal and a dark signal, respectively. 

In fig. 10, three curves D, E and F are shown repre- 
senting the absorbance of glucose, lactate, and urea, 
respectively, indicated along the ordinate axis. For 

15 clarity curve D and E are shown offset from curve F. 

From fig. 10, it is evident that the peak of pixel no. 
120 corresponding to the wavelength of 1490 nm of urea 
is distinguishable from the spectra of e.g. glucose and 
lactate. For illustrating the possibility of determin- 

20 ing urea from e.g. lactate and glucose, the spectra D, 
E and F are represented in one and the same diagram 
shown in fig. 11. 

In fig. 12, two curves G and H are shown representing 
25 the absorbance of oxyhemoglobin and deoxyhemoglobin, 

respectively. In fig. 12, four references I, J, K, and 
L are further shown. The references I and J represent 
peaks characteristics of deoxyhemoglobin and the refer- 
ence K represents a peak characteristic of oxyhemoglo- 
30 bin. Oxyhemoglobin and deoxyhemoglobin represent 100 
and 0 percentage saturated blood, respectively. The 
reference L indicates a peak characteristic of water. 
It is to be realized that the peak L is partly overlap- 
ping the peaks of the curves D, E, and F shown in figs. 
35 10 and 11. 
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In fig. 13 , a curve M is shown representing the absor- 
bance of a blood sample. The curve M exhibits the char- 
acteristic peak K and L of oxyhemoglobin also shown in 
fig. 12. 

5 

In Fig. 14, the cuvette 24 is shown in greater details. 
The cuvette 24 is of a symmetrical structure and com- 
prises a central section 286 defining opposite optical- 
ly transparent plane surfaces together defining a con- 

10 stant flow-through area and an optical transmission 
path through the blood flowing through the cuvette of 
the order of 0.5-2.0 mm, preferably 1.0 mm. The cuvette 
24 is at opposite ends provided with tubular sections 
288 and 290 for establishing connection to external 

15 hoses supplying blood to and from the cuvette. Between 
the tubular sections 288 and 290 and the central sec- 
tion 286 of the cuvette 24 , transition sections 289 and 
291, respectively, are provided for preventing that the 
blood flowing from one of the tubular sections 288 and 

20 290 to the central section 286 and vice versa is ex- 
posed to excessive pressure or velocity gradients which 
might deteriorate the blood. 

In fig. 15, a flow chart of the software of the person- 
25 al computer is shown, designated the reference numeral 
300 in its entirety. The software centrally comprises a 
"Main menu block" 3 02 connected to a "Start block" 304, 
a "View data block" 312 and an "Exit data block" 316. 
The "Main menu block" 302 is further connected to an 
30 "Acquisition menu block" 314 which is further connected 
to three blocks, a "Set up parameter block" 306, a 
"Save data block" 310 and a "Measure data block" 308. 
The "Measure data block" 308 internally comprises a 
plurality of program steps designated the reference 
35 numerals 320-331. The first step is constituted by a 
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"Measure data block" 320 , a second step is constituted 
by a "Wait for dark chopper position block" 321 and a 
third step is constituted by a "Collect dark scan 
block" 322. A fifth step is constituted by a "Wait for 
5 reference chopper position block" 323, a fourth step is 
constituted by a "Collect reference scan block" 324, a 
sixth step is constituted by a "Wait for dark chopper 
position block" 325 f a seventh step is constituted by a 
"Collect dark scan block" 325 , an eigth step is consti- 

10 tuted by a "Wait for sample chopper position block" 

327, a nineth step is constituted by a "Collect sample 
scan block" 328, a tenth step is constituted by a "Wait 
for dark chopper position block" 329, an eleventh step 
is constituted by a "Collect dark scan block" 331, and 

15 a twelfth step is constituted by a "Decision block 

done? block" 330. Provided the preset number of scans 
has not been reached, the program reverts to the fourth 
measuring step of the "Wait for reference chopper posi- 
tion block" 323. Provided the preset number of scans 

20 has been reached, the program proceeds to the data 
"Aquisition menu block" 314. 

The data aquisition takes place as follows: 

25 The apparatus provides two channels, each supporting a 
photodiode detector array constututed by the first and 
second optical detectors 236 and 242, respectively, of 
76 pixels and 4 additional auxiliary inputs. The sili- 
con and germanium diode arrays cover the visible and 

30 near infrared regions of the spectrum from 520 to 1800 
nanometers . 

For maximum noise suppression, data is collected in 
time intervals based on multiples of power line cycles. 
35 Pixels are scanned as to permit the summing of up to 
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eight values of each pixel evenly spaced over the line 
cycle to enable the contributions of the line frequency 
to cancel. The user is given complete control over the 
scan sequence via the Scan-Order table editor. 

5 

Acquired data is currently displayed from memory as ta- 
bles of numerical values. This information may be writ- 
ten to disk for example in the form of ASCII files 
which may be read into various spread-sheet or spectral 
10 interpretation software packages. 



WO 95/04266 PCT/DK94/00297 

38 




References : 

Ref. 1: Haaland, D.M.; Thomas, E.V. 

Partial least-square methods for spectral 
5 analyses* l. relation to other quantitative 

calibration methods and the extraction of 
quantitative information 
Anal Chem 60:1193-1202 (1988) 

10 Ref. 2: Haaland, D.M.; Thomas, E.V. 

Partial least-square methods for spectral 
analyses. 2. Application to simulated and 
glass spectral data 
Arial Chem 60:1202-1208 (1988) 

15 

Ref. 3: Geladi, P.; Kowalski, B.R. 

Parial least-square: a tutorial 
Analytical Chimica Acta 185:1-17 (1986) 



20 Ref. 4: 



Webster, John G. 

Encyclopedia of Medical Devices and Instru- 
mentation, Vol. 3: 1695-1711 (1988) 



WO 95/04266 




39 



List of Reference Numerals : 

10 Dialysis apparatus 

12 Forearm of patient 

5 14 Cannula 

16 Hose 

18 Arterial pressure monitor 

20 Hose 

21 Hose loop 
10 22 Hose 

24 Cuvette 

2 6 Hose 

28 Dialysis fluid inlet hose 

30 Dialysis fluid outlet hose 

15 32 Hose 

34 Air and foam detector 

36 Hose 

38 Cannula 

40 Dialysis machine 

20 41 Dialysis fluid compartment 

42 Blood through-flow compartment 

43 Dialysis fluid compartment 

44 Blood through-flow compartment 

45 Dialysis fluid compartment 
25 50 Hose pump 

51 Motor 

52 Housing 

53 Shaft 

54 Roller support body 
30 56 Roller 

58 Roller 

59 Stem body 

60 Switch 

61 Electrical signal line 
35 62 Switch 
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5 70 
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74 
76 
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10 80 
82 
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86 
88 

15 90 
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103 
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25 106 
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109 
110 
112 

30 113 
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115 
116 
117 
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Electrical signal line 

PLL synchronizing circuit block 

Integrated circuit 

Integrated circuit 

Resistor 

Diode 

Resistor 

Diode 

Operational amplifier 
Variable resistor 
Optical fibre or wire 
Optical fibre or wire 
Pulse detector 
Clamping device 
Hose section 
Optical detector 
Optical fibre 
Optical fibre 
Power supply 

Beam-splitting chopper section 

Supporting plate of beam-splitting chopper section 
Lamp 

Optical housing 

Mirror 

Mirror 

Lens 

First light beam 

Lens 

Mirror 

Second light beam 
Filter 

Filter support 
Filter 

Filter support 
Lens 
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120 Lens 

121 Bracket 

122 Chopper disc 

123 Bracket 

5 124 Protruding rim part 

126 Protruding rim part 

128 Circumferential recess 

130 Circumferential recess 

132 Slit 

10 134 Reflecting surface area 

136 Motor assembly 

137 Gear assembly 

138 Output shaft 
140 Detector 

15 141 LED 

142 Phot o- trans i s t or 

143 Detector 

144 LED 

145 Photo-transistor 
20 14 6 Detector 

147 LED 

148 Photo-trans istor 

150 Detector circuit block 

151 PCB of detector circuit block 
25 152 LED 

154 LED 

156 Resistor 

158 Resistor 

160 Resistor 

30 162 Resistor 

164 Resistor 

166 Variable resistor 

168 Integrated circuit 

170 Operational amplifier 

35 172 Variable resistor 
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174 



LED 



176 



Resistor 



180 



NPN transistor 



10 



15 



20 



25 



30 



181 Switch 

182 Resistor 

183 Switch 

184 Resistor 

185 Switch 

186 Resistor 

187 Switch 

188 Resistor 

190 Variable resistor 

191 Variable resistor 

192 Variable resistor 

193 Resistor 

194 Resistor 

195 Resistor 

196 Operational amplifier 
198 Resistor 

200 NPN transistor 

202 Resistor 

204 Resistor 

206 Resistor 

208 NPN transistor 

210 Capacitor 

212 NPN transistor 

214 Coil 

215 Switch 

216 Capacitor 
218 Diode 

220 Optical fibre 

221 Optical fibre fitting 

222 Optical fibre 

223 Optical fibre fitting 

224 Fitting 
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226 



225 



228 



Clamping device 
Fitting 
Optical fibre 



10 



15 



20 



25 



30 



229 Optical fibre connector 

230 Convace holographic grating 
232 Beam-splitting mirror 

234 Lens 

236 First optical detector 

238 First optical detector circuit block 

239 PCB of first optical detector circuit block 

240 Lens 

242 Second optical detector 

244 Second optical detector circuit block 

245 PCB of second optical detector circuit block 

246 A/D converter 

247 Multicore cable 

248 Multipin socket 

250 Thermostatically controlled support block 

251 Bracket 

252 Thermostatical controller 
254 Power supply 

260 CPU of PC 

262 Display of CRT monitor 

264 Keyboard 

266 Printer 

268 Pre-amp 

270 Pre-amp 

272 Multiplexer 

274 Programmable gain and offset block 

276 Digital control block 

278 Pre-amp 

280 Pre-amp 

282 Multiplexer 

284 Programmable gain and offset block 

286 Central section of cuvette 24 
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290 



288 



289 



Tubular section 
Tubular section 
Transition section 



10 



15 



20 



291 Transition section 

300 Software flow chart 

302 Main menu block 

304 Start block 

306 Set up parameter block 

308 Measure data block 

310 Safe data block 

312 View data block 

.314 Acquisition menu block 

316 Exit block 

320 Measure data block 

321 Wait for dark chopper position block 

322 Collect dark scan block 

323 Wait for reference chopper position block 

324 Collect reference scan block 

325 Wait for dark chopper position block 

326 Collect dark scan block 

327 Wait for sample chopper position block 

328 Collect sample scan block 

329 Wait for dark chopper position block 

330 Decision or Done? block 

331 Collect dark scan block 
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PATENT CLAIMS 

1. A method of determining the content of a constitu- 
ent of blood of an individual, comprising: 
5 extracting a whole blood stream of the order of 

50-1,000 ml/min from a blood vessel of said individual, 

directing said whole blood stream through a flow 
path defining a substantially non-varying flow-through 
area and comprising a flow-through measuring cuvette 

10 constituting part of said flow path, said flow-through 
measuring cuvette including opposite first and second 
optically transparent surface parts defining an optical 
transmission path of the order of 0.5 - 2.0 mm, 

irradiating said first optically transparent sur- 

15 face part of said flow-through measuring cuvette with 
multi-wavelength near infrared light so as to expose 
said whole blood stream flowing through said flow- 
through measuring cuvette to said multi-wavelength near 
infrared light, 

20 detecting the near infrared absorption spectrum 

represented by near infrared absorption data of said 
whole blood stream flowing through said flow-through 
measuring cuvette, and 

quantifying said content of said constituent by 

25 inputting said near infrared absorption data into a 
mathematical model representing the relation between 
the near infrared absorption data and the content of 
said constituent. 

30 2. The method according to Claim 1, said non-varying 
flow- through area being of the order of 5-20 mm 2 , pref- 
erably 12-17 mm 2 . 



3. The method according to any of the Claims 1 or 2, 
35 said flow-through measuring cuvette comprising a cen- 
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tral section including said opposite first and second 
optically transparent surface parts, tubular inlet and 
outlet sections and first and second transition sec- 
tions, said first and second transition sections con- 
5 stituting sections connecting said inlet and outlet 
sections, respectively, to said central section and 
presenting gradually changing sectional shapes generat- 
ing to no substantial extent pressure or velocity gra- 
dients to said whole blood stream flowing through said 
10 flow-through cuvette so as to eliminate to any substan- 
tial extent any blood degradating pressure or velocity 
impact to said blood flow. 

4. The method according to any of the Claims 1-3, 
15 said mathematical model being established on the basis 
of a training set of samples having relevant known 
variations in composition and thus producing relevant 
absorption spectra. 

20 5. The method according to Claim 4, said quantifying 
of said content of said constituent further comprising 
mathematical analysis technique such as multivariate 
data analysis technique, e.g. PLS analysis technique 
(Partial Least Square) , PCR analysis technique (Princi- 

25 pal Components Regression) , MLR analysis technique 

(Multiple Linear Regression) , artificial neural network 
analysis technique or similar analysis technique. 

6. A method of determining the content of a constitu- 
30 ent of blood of an individual, comprising: 

extracting a whole blood stream of said individual 
from a blood vessel of said individual, 

directing said whole blood stream through a flow 
path comprising a flow-through measuring cuvette con- 
35 stituting part of said flow path, said flow-through 
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measuring cuvette including at least one, optically 
transparent surface part, 

propelling said whole blood stream through said 
flow path by means of a pump causing said whole blood 
5 stream to flow through said flow path in a pulsed mode, 

monitoring said flow of said whole blood stream 
through said flow-through measuring cuvette of said 
flow path, so as to determine periods of substantially 
constant flow of said whole blood stream through said 
10 flow- through measuring cuvette, 

irradiating said at least one optically transpar- 
ent surface part of said flow-through measuring cuvette 
with electromagnetic radiation of a specific spectral 
composition, so as to expose said whole blood stream 
15 _ flowing through said flow-through measuring cuvette to 
said electromagnetic radiation, 

detecting the electromagnetic radiation absorption 
spectrum, represented by electromagnetic radiation ab- 
sorption data, of said whole blood stream flowing 
20 through said flow-through measuring cuvette at said 
periods of substantially constant flow of said whole 
blood stream flowing through said flow- through measur- 
ing cuvette, and 

quantifying said content of said constituent by 
25 inputting said electromagnetic radiation absorption 

data into a mathematical model representing the rela- 
tion between electromagnetic radiation absorption data 
and the content of said constituent. 

30 7. The method according to Claim 6, said flow-through 
measuring cuvette comprising opposite first and second 
optically transparent surface parts and defining a sub- 
stantially non- varying optical transmission path, and 
said detection of said electromagnetic radiation ab- 

35 sorption spectrum being determined by detecting the 
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transmission of said electromagnetic radiation through 
said whole blood steam flowing through said flow- 
through measuring cuvette through said optical trans- 
mission path thereof. 

5 

8. An apparatus for determining the content of a con- 
stituent of blood of an individual, comprising: 

means for extracting a whole blood stream from a 
blood vessel of said individual , 

10 a flow path defining a substantially non-varying 

flow- through area, 

means for directing said whole blood stream 
through said flow path, 

a flow-through measuring cuvette constituting a 

15 part of said flow path, said flow-through measuring 

cuvette including opposite first and second optically 
transparent surface parts defining an optical transmis- 
sion path of the order of 0.5 - 2.0 mm, 

means for generating and irradiating said first 

20 optically transparent surface part of said flow-through 
measuring cuvette with multi-wavelength near infrared 
light so as to expose said whole blood stream flowing 
through said flow-through measuring cuvette to said 
multi-wavelength near infrared light, 

25 detector means for detecting the near infrared ab- 

sorption spectrum of said whole blood stream flowing 
through said flow-through measuring cuvette represented 
by near infrared absorption data, and 

quantifying means for quantifying said content of 

30 said constituent by inputting said near infrared ab- 
sorption data into a mathematical model representing 
the relation between near infrared absorption data and 
the content of said constituent. 
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9 . The apparatus according to Claim 8 , said non-vary- 
ing flow- through area being of the order of 5-20 mm 2 , 
preferably 12-17 mm 2 . 

5 10. The apparatus according to any of the Claims 8 or 
9, said flow-through measuring cuvette comprising a 
central section including said opposite first and sec- 
ond optically transparent surface parts, tubular inlet 
and outlet sections and first and second transition 

10 sections, said first and second transition sections 

constituting sections connecting said inlet and outlet 
sections, respectively, to said central section and 
presenting gradually changing sectional shapes generat- 
ing to no substantial extent pressure or velocity gra- 

15 dients to said whole blood stream flowing through said 
flow-through cuvette so as to eliminate to any substan- 
tial extent any blood degradating pressure or velocity 
impact to said blood flow. 

20 11. The apparatus according to any of the Claims 8-10, 
said mathematical model being established on the basis 
of a training set of samples having relevant known 
variations in composition and thus producing relevant 
absorption spectra. 

25 

12. The apparatus according to Claim 11, said quanti- 
fying of said content of said constituent further com- 
prising mathematical analysis technique such as multi- 
variate data analysis technique, e.g. PLS analysis 
30 technique (Partial Least Square) , PCR analysis tech- 
nique (Principal Components Regression) , MLR analysis 
technique (Multiple Linear Regression) , artificial 
neural network analysis technique or similar analysis 
technique. 



35 
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13. An apparatus for determining the content of a con- 
stituent of blood of an individual, comprising: 

means for extracting a whole blood stream of said 
individual from a blood vessel of said individual, 
5 a flow path, 

means for directing said whole blood stream 
through said flow path, 

a flow-through measuring cuvette constituting part 
of said flow path, said flow- through measuring cuvette 
10 including at least one optically transparent surface 
part, 

means for directing said whole blood stream 
through said flow path, 

means for propelling said whole blood stream 
15 through said flow path, causing said flow-path to flow 
through said flow path in a pulsed mode, 

monitor means for monitoring said flow of said 
whole blood stream through said flow-through measuring 
cuvette of said flow path, so as to determine periods 
20 of substantially constant flow of said whole blood 
stream flowing through said flow- through measuring 
cuvette, 

means for generating and irradiating said at least 
one optically transparent surface part of said flow- 

25 through measuring cuvette with electromagnetic radia- 
tion of a specific spectral composition, so as to ex- 
pose said whole blood stream flowing through said flow- 
through measuring cuvette to said electromagnetic radi- 
ation of said specific spectral composition, 

30 detector means for detecting the electromagnetic 

radiation absorption spectrum, represented by electro- 
magnetic radiation absorption data, of said whole blood 
stream flowing through said flow-through measuring cu- 
vette at said periods of substantially constant flow of 
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said whole blood stream flowing through said flow- 
through measuring cuvette , and 

quantifying means for quantifying said content of 
said constituent by inputting said electromagnetic 
5 radiation absorption data into a mathematical model 

representing the relation between electromagnetic radi- 
ation absorption data and the content of said constitu- 
ent. 

10 14. The apparatus according to Claim 13, said mathe- 
matical model being established on the basis of a 
training set of samples having relevant known varia- 
tions in composition and thus producing relevant ab- 
sorption spectra. 

15 

15. The apparatus according to Claim 14, said quanti- 
fying of said content of said constituent further com- 
prising mathematical analysis technique such as multi- 
variate data analysis technique, e.g. PLS analysis 

20 technique (Partial Least Square) , PCR analysis tech- 
nique (Principal Components Regression) , MLR analysis 
technique (Multiple Linear Regression) , artificial 
neural network analysis technique or similar analysis 
technique. 

25 

16. A flow-through measuring cuvette for use in deter- 
mining the content of a constituent of blood of an 
individual by directing a whole blood stream through 
said flow-through measuring cuvette and by irradiating 

30 said whole blood stream flowing through said flow- 
through measuring cuvette with multi-wavelength near 
infrared light for exposing said whole blood stream 
flowing through said flow-through measuring cuvette to 
multi-wavelength near infrared light, said flow-through 

35 measuring cuvette defining a substantially non-varying 
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flow-through area and including opposite, optically 
transparent surface parts defining a substantially non- 
varying optical transmission path of the order of 0.5 - 
2.0 mm. 

5 

17- The flow-through measuring cuvette according to 
Claim 16 , said cuvette being a glass cuvette. 

18- The flow-through measuring cuvette according to 

10 any of the Claims 16 or 17, said flow-through measuring 
cuvette comprising a central section including said 
opposite first and second optically transparent surface 
parts, tubular inlet and outlet sections and first and 
second transition sections, said first and second tran- 

15 sition sections constituting sections connecting said 
inlet and outlet sections, respectively, to said cen- 
tral section and presenting gradually changing section- 
al shapes generating to no substantial extent pressure 
or velocity gradients to said whole blood stream f low- 

20 ing through said flow-through cuvette so as to elimi- 
nate to any substantial extent any blood degradating 
pressure or velocity impact to said blood flow. 

19. A method of hemodialysis, comprising: 
25 extracting a whole blood stream of the order of 

50-1,000 ml/min from a blood vessel of an individual, 
directing said whole blood stream through an ex- 
tracorporeal flow path to a hemodialyser through a flow 
path comprising a flow-through measuring cuvette con- 
30 stituting part of said flow path, said flow- through 

measuring cuvette including opposite first and second 
optically transparent surface parts defining an optical 
transmission path of the order of 0.5 - 2.0 mm, 

irradiating said first optically transparent sur- 
35 face part of said flow- through measuring cuvette with 
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multi-wavelength near infrared light comprising light 
of the wavelength range 700 - 1,800 nm such as 1,400 - 
1,600 nm so as to expose said whole blood stream flow- 
ing through said flow- through measuring cuvette to said 
5 multi-wavelength near infrared light, 

detecting the near infrared absorption spectrum of 
said whole blood stream flowing through said flow- 
through measuring cuvette represented by near infrared 
absorption data, 
10 quantifying the content of urea of said whole 

blood stream by inputting said near infrared absorption 
data into a mathematical model representing the rela- 
tion between near infrared absorption data and the 
content of urea. 

15 

20* The method according to Claim 19, said flow path 
defining a substantially non-varying flow-through area. 

21. The method according to any of the claims 19 or 
20 20, further comprising continuing said hemodialysis 

treatment until the content of urea of said whole blood 
stream has decreased below a specific threshold. 

22. The method according to Claim 20, said non-varying 
25 flow- through area being of the order of 5-20 mm 2 , pref- 
erably 12-17 mm 2 . 

23. The method according to any of the Claims 21 or 
22, said flow- through measuring cuvette comprising a 

30 central section including said opposite first and sec- 
ond optically transparent surface parts, tubular inlet 
and outlet sections and first and second transition 
sections, said first and second transition sections 
constituting sections connecting said inlet and outlet 

35 sections, respectively, to said central section and 
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presenting gradually changing sectional shapes generat- 
ing to no substantial extent pressure or velocity gra- 
dients to said whole blood stream flowing through said 
flow-through cuvette so as to eliminate to any substan- 
5 tial extent any blood degradating pressure or velocity 
impact to said blood flow. 

24. The method according to any of the Claims 21-23 , 
said mathematical model being established on the basis 
10 of a training set of samples having relevant known 

variations in composition and thus producing relevant 
absorption spectra. 



25. The method according to Claim 24, said quantifying 
15 of said content of said constituent further comprising 
mathematical analysis technique such as multivariate 
data analysis technique, e.g. PLS analysis technique 
(Partial Least Square) , PCR analysis technique (Princi- 
pal Components Regression) , MLR analysis technique 
20 (Multiple Linear Regression) , artificial neural network 
analysis technique or similar analysis technique. 
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